The large and small subunits of Escherichia coli glutamate synthase were isolated. The small subunit catalyzes the NH-dependent synthesis of glutamate. The large subunit exhibits glutaminase activity.
pendent but not for NH,-dependent glutamate synthesis. The glutamine analogue L-2-amino-4-oxo-5-chloropentanoic acid (chloroketone) and iodoacetamide were found to alkylate a cysteine residue in the large subunit of the oligomeric enzyme and specifically inactivate the glutamine-dependent activity without affecting the NH3-dependent activity. These results suggest that glutamine binds to the large subunit. Other experiments have shown that a cysteine residue in the small subunit appears to be required for NH3-dependent glutamate synthase activity. A clear understanding of the function of the nonidentical subunits in catalysis requires their separation in an active form. We report here the isolation of active subunits ofE. coli glutamate synthase and show that the small subunit catalyzes the NH3-dependent synthesis of glutamate in the absence of flavin and iron. The small subunit of glutamate synthase does not cross-react with antibodies to E. coli glutamate dehydrogenase.
Glutamate synthase and glutamate dehydrogenase were purified to homogeneity from E. coli K-12 strain W3110 as described (4; Mantsala and Zalkin, J. Biol. Chem., in press). Anti-glutamate synthase and anti-glutamate dehydrogenase were prepared as described (Mantsala and Zalkin, J. Biol. Chem., in press). The subunits of glutamate synthase were separated (3) on a Bio-Gel A-1. (Tris)-acetate, pH 7.7, 0.3% sodium dodecyl sulfate (SDS), 10 mM a-ketoglutarate, 10 mM glutamine, and 10 mM 2-mercaptoethanol. Pooled fractions containing the large and small subunits were dialyzed against 50 mM Trisacetate, pH 7.7, containing 6 M urea and 10 mM 2-mercaptoethanol. Protein fractions were concentrated by ultrafiltration by using an Amicon UM-10 membrane. SDS was removed by chromatography on a Dowex 1 column (1.0 by 2.4 cm) (2, 7). Urea was removed by dialysis against 50 mM Tris-acetate, pH 7.7, and the subunits were stored at -20 C in the same buffer containing 50% glycerol.
Glutamine-and NH,-dependent glutamate synthase and affinity labeling by ['4C]chloroketone-were assayed as described (Mantsala and Zalkin, J. Biol. Chem., in press). Glutaminase activity was assayed according to Prusiner and Milner (5). Double antibody precipitation using L1-'4C]carboxamidomethylglutamate synthase (319,000 counts/min per mg of protein) and [1-'4C]carboxamidomethylglutamate dehydrogenase (284,000 counts/min per mg of protein), rabbit antibodies to the two enzymes, and excess goat anti-rabbit immunoglobulin has been described (Mantsala and Zalkin, J. Biol. Chem., in press).
The results of subunit separation were similar to those reported by Miller (3) . Flavin, iron, and sulfide are removed during denaturation and gel filtration in SDS. SDS gel electrophoresis of the pooled subunit fractions (Fig. 1) shows complete separation without detectable crosscontamination. The final recoveries of the large and small subunits were 24 and 57%, respectively. Losses were encountered during chromatography on Dowex 1 (2) . Other less drastic methods of subunit separation were not investigated, but Trotta et al. (6) Table 2 ). The small subunit was inactive and did not appreciably enhance these activities of the large subunit. Prior alkylation of the large subunit with chloroketone inhibited Fig.  2A . This suggests at least some restoration of the native tertiary structure. Cross-reactivity of glutamate synthase subunits with anti-glutamate dehydrogenase was not obtained (Fig.  2B) .
Previous experiments have established that the NH:-dependent activity ofE. coli K-12 glutamate synthase is approximately 5 to 7% that of the glutamine-dependent activity (Mantsala and Zalkin, J. Biol. Chem., in press). Flavin adenine dinucleotide is required for the glutamine-dependent synthesis of glutamate but not for NH:-dependent synthesis of glutamate, glutaminase activity, or affinity labeling by chloroketone. Apoglutamate synthase, resolved of flavin, iron, and sulfide, has enhanced NH1-dependent activity. The NH:-dependent activity of a glutamine amidotransferase may reflect the primitive aminase activity before modification by association of a glutamine amidotransferase function (8 subunit of glutamate synthase with the subunit of E. coli glutamate dehydrogenase has prompted speculation about a relationship between these two proteins (1). We have not detected cross-reactivity between glutamate synthase and anti-glutamate dehydrogenase nor between glutamate dehydrogenase and antiglutamate synthase (Mantsala and Zalkin, J. Biol. Chem., in press). In the present experiments we did not detect cross-reactivity between the separated subunits of glutamate synthase and anti-glutamate dehydrogenase. Thus, there is presently no evidence to support an evolutionary relationship between the small subunit of glutamate synthase and glutamate dehydrogenase.
In anthranilate synthetase (8) the mechanism of glutamine utilization involves transfer of the amide of glutamine from a site on a glutamine-binding subunit to a site for NH: utilization on a distinct aminase subunit. Further experiments are required to elucidate whether the amide of glutamine that is bound to the large subunit of glutamate synthase is transferred to the NH:1 site of the aminase.
